Introduction
Salting is one of the most ancient preservation methods for food (1, 2) . It is widely used to preserve meat and to improve the quality of meat products, such as water-holding capacity, texture, and tenderness (3, 4) . Salting changes the microstructure of muscle. For example, the muscle fiber diameter shrinks and the intercellular space enlarges after salting (5) . Although phosphate, collagen, sodium alginate, and other ingredients are applied to improve meat quality, salt still plays a crucial role (water retention, protein solubilization, and flavor) in cured or cooked meat products (6, 7) .
Protein phosphorylation is one of the most ubiquitous posttranslational modifications. Reversible protein phosphorylation plays an important role in protein structure, function, signaling, and regulation (8, 9) . The majority of proteins are phosphorylated in vivo in mammalian cells (10) . Recent studies reveal that protein phosphorylation may affect meat quality in three ways: protein degradation, glycolysis, and muscle contraction. Some studies report that protein phosphorylation affects the degree of protein degradation, which influences meat tenderness (11, 12) . Glycolysis is the principal way for energy supply in postmortem muscle. Glycolysis is related to meat color, pH, and water-holding capacity. Glycolytic enzymes are phosphorylated by protein kinases. The phosphorylation of glycolytic enzymes affects their activity and stability (13, 14) . In addition, protein phosphorylation affects muscle contraction (15, 16) , especially the phosphorylation of myosin regulatory light chain 2 (MYLC2) was found to change protein structure (16) .
In recent years, the studies of phosphoproteomic methods have made it easier to research on protein phosphorylation and promoted research in protein phosphorylation. Protein phosphorylation in relation to muscle pH decline and meat tenderness was previously investigated in postmortem muscle (9, 13, 14) . Electrical stimulation alters protein phosphorylation (17) . All these studies reveal that protein phosphorylation plays a significant role in the development of meat quality. The effect of salt in vivo on protein phosphorylation in plants was studied and found that many proteins are salt-responsive phosphoproteins (18) . Salt diet influences the phosphorylation of SPS1-related proline/alanine-rich kinase (SPAK), Na+/K+/2Cl-cotransporter 1 (NKCC1) and oxidative stress-responsive kinase 1 (OSR1) in vivo (19, 20) . Salting is one of the most essential processes for meat products; however, the effect of salting on muscle protein phosphorylation is unclear. The aim of the study is to investigate the phosphorylation of myofibrillar and sarcoplasmic proteins in response to salt content and salting time. Before use, frozen muscles were thawed at room temperature for 3 h. Muscles from eight sheep were minced through 8-mm-pore plate and mixed together. Then the mixed muscles were divided into six groups for salting treatments with 0% (control group), 1, 2, 3, 4, and 5% green iodized salts (NaCl >99.1%, China National Salt Industry Corporation, Beijing, China) for 16 h at 4 o C. During salting, samples were collected at 0, 2, 4, 6, 8, and 16 h for all treatments. The collected samples were snap-frozen by liquid nitrogen and then stored at 80 o C for further research. All procedures were repeated three times.
Materials and Methods
Protein extraction Proteins were extracted as previously described (14, 17, 21) with some modifications. Briefly, 1 g frozen muscle was homogenized in 6 mL ice-cold homogenizing buffer (pH 8. Gel electrophoresis and image analysis The myofibrillar and sarcoplasmic proteins were diluted to 2 μg/μL with ultrapure water; 100 μL of protein samples were mixed with 100 μL 2× loading buffer (40 g/L SDS, 100 mM Tris-HCl, pH 6.8, 250 g/L glycerin, 1 g/L bromophenol blue). The samples were boiled at 100 o C in the water bath for 4 min. Polyacrylamide gels were composed of 12% separating gel and 4% stacking gel, and a 5 g (5 μL) sample was loaded onto each gel lane. The conditions of the electrophoresis were as follows. The voltage in the stacking gels was 70 V, while that in the separating gels was 110 V. The electrophoresis was terminated once the dye reached the bottom of the gel (Bio-Rad Laboratories, Hercules, CA, USA).
The gels were first stained by Pro-Q Diamond for phosphoproteins and then stained by SYPRO Ruby dye for total muscle proteins (13, 14, 17) . Fluorescently staining gels were visualized using ChemiDoc T M MP Imaging System (Bio-Rad Laboratories). Pro-Q Diamond staining gels were scanned with Pro-Q Diamond model, while SYPRO Ruby staining gels were scanned with SYPRO Ruby model. Finally, the gels that were scanned two times were stained by Coomassie Brilliant Blue R-250 to visualize the location of proteins. Quantity One 4.62 software (Bio-Rad Laboratories) was used to analyze the intensity of the protein band of the images. The relative protein phosphorylation levels were evaluated by the ratio of the intensity of phosphoproteins band (P) in the Pro-Q Diamond images to the intensity of total proteins band (T) in SYPRO Ruby images (P/T ratio) (13, 17, 22) .
In-gel trypsin digestion and protein identification by LC-MS/MS
Proteins were identified according to Chen et al. (9) . First, the excised protein bands were subjected to in-gel trypsin digestion. The excised gels were first washed twice for 10 min each in 1 mL ultrapure water and then washed twice for 10 min each in 1 mL in-gel digestion bleaching solution (25 mM NH The identification was performed by an LC-MS/MS instrument (Thermo Q-Exactive; Thermo Fisher Scientific, Waltham, MA, USA). The raw spectral data obtained from the mass analyzer were extracted as peak lists by Thermo Proteome Discoverer 1.3.0.339 (Thermo Fisher Scientific). The peak lists were matched against the UniProt database by MASCOT (2.3.01). The search criterion parameters are as follows: enzyme, trypsin; one maximum missed cleavage; mass values, monoisotopic; fixed modification, carbamidomethyl (C); variable modification, oxidation, Gln→Pyro-Glu (N-term Q); and peptide mass tolerance, 15 ppm. For the assignments of all proteins, two distinct peptides should be identified for one protein at least.
Statistical analysis In our study, all statistical analyses were carried out by IBM SPSS Statistic 21.0 (SPSS Inc., Chicago, IL, USA). The difference was analyzed by the analysis of variance (ANOVA) test. Reported p values were evaluated at a 5% significance level.
Results and Discussion
Global phosphorylation of myofibrillar proteins with salting time The amount of salt added in traditional meat processing is typically 2% (23) . Therefore, we chose 2% salt as the experimental dose to profile protein phosphorylation during meat salting. As shown in Fig.  1A , a total of 23 bands of myofibrillar proteins were detected by Quantity One and selected for analysis. The global phosphorylation level of proteins was as shown in Fig. 1C . The P/T ratio of each sample was evaluated by the ratio of the intensity of all bands in Pro-Q Diamond images to the intensity of all bands in SYPRO Ruby images. The P/T ratio of control muscle increased from 0 h to 2 h and then decreased slightly with no significant difference during the whole salting process (p>0.05). Conversely, the P/T ratio of the salted meat with 2% salt significantly decreased from 0 h to 16 h (p<0.05).
The result showed that global phosphorylation level of myofibrillar proteins significantly decreased (p<0.05) during the salting development after adding 2% salt, whereas it did not change significantly in the control group. The global phosphorylation levels of the salted group were lower than those of the control group, which indicated that salt affects protein phosphorylation. The global phosphorylation level at 16 h was the lowest point during the salting development; thus, the influence of salt on the phosphorylation of muscle proteins was further studied by adding different concentrations of salt.
Phosphorylation of myofibrillar proteins in response to salt The phosphorylation results of myofibrillar proteins with different salt concentrations are shown in Fig. 2 . Salt concentrations of 2% and higher significantly reduced myofibrillar protein phosphorylation after meat was salted for 16 h when compared to the control group, with meat salted by 3% salt having the lowest protein phosphorylation (Fig. 2C) , showing that salt influences protein phosphorylation during meat processing.
The P/T ratios of individual protein bands are shown in Fig. 2D . The P/T ratio of bands 8, 16, 19, and 23 was greater than 1; hence, these proteins were highly phosphorylated. In general, the protein phosphorylation level of most bands from salted meat was lower than that of the control group, except of bands 16 and 20, which showed an increase in protein phosphorylation after salting. Salting decreases phosphorylation of myofibrillar proteins Myofibrillar proteins are structrual proteins responsible for sarcomere structure integrity and muscle contraction, both of which are related to meat tenderness. Salting improved meat tenderness (24) . Many researchers found that protein phosphorylation may affect meat quality (9, 13, 17) . Our study showed that the global phosphorylation level of myofibrillar proteins in salted meat was reduced. This is consistent with the literature, which reports that protein phosphorylation affects meat tenderness and that tender meat has lower protein phosphorylation (9, 25) . The phosphorylation of myofibrillar proteins reduced the degradation of these proteins by calpains, such as actin binding protein, troponin T (TnT), and troponin I (11, 12, 26) . In our study, the phosphorylation of myosin heavy chain (band 3), myosin binding protein C (band 4), and actin (band 11) was reduced by salting; these bands are related to tenderness. According to all the studies, we speculated that the relatively low phosphorylation level of myofibrillar proteins in salted meat made them more easily degraded than the control group and then improved meat tenderness.
Rigor or muscle contraction shortens sarcomere length and decreases meat tenderness. Many phosphorylated proteins identified in muscle are related to sarcomere function that affects meat quality; thus, they speculated that protein phosphorylation may be related to muscle contraction and quality changes (14) . The phosphorylation of myosin light chain (MLC) enhances the intensity of contraction (16) . Our result showed that the phosphorylation of MLC (Fig. 2D, band  23 ) was reduced by salting, which may inhibit muscle contraction and further affect meat tenderness, providing another mechanism that salting increases meat tenderness.
Global phosphorylation of sarcoplasmic proteins with salting time A total of 21 sarcoplasmic protein bands were detected to be phosphorylated in meat (Fig. 3A) . Different from myofibrillar proteins, salting showed no significant effect on the phosphorylation of sarcoplasmic proteins. The P/T ratios of both the control muscle and salted meat with 2% salt showed no significant differences (p>0.05) at different salting time points, though an increasing trend in P/T ratio with salting time might exist in the salted meat (Fig. 3C) . Phosphorylation of sarcoplasmic proteins in response to salt To confirm that salt has no effect on the global phosphorylation level of sarcoplasmic proteins, sarcoplasmic proteins extracted from meat salted for 16 h with different concentrations of salt were subjected to SDS-PAGE and fluorescence staining with Pro-Q Diamond dye for phosphoproteins. As shown in Fig. 4A -C, no difference (p>0.05) in the P/T ratios among different treatments was determined, confirming that salt had no significant effect on the global phosphorylation level of sarcoplasmic proteins in meat.
However, the phosphorylation level in most protein bands was affected by salt (Fig. 4D) . The phosphorylation level of eight protein (band 1, 6, 8, 10, 11, 13, 14, and 16) bands was decreased by salt, whereas that of five bands (band 3, 7, 12, 19, and 21) was increased by salt. Although salt had no significant effect on the global phosphorylation of sarcoplasmic proteins, it affected the phosphorylation of individual proteins. The results indicated that salt also had effect on the phosphorylation of individual sarcoplasmic proteins.
Identification of phosphorylated sarcoplasmic proteins
The proteins identified by LC-MS/MS represent the highly abundant proteins. The P/T ratio is a semi-quantitative method for protein phosphorylation (14, 22, 27) . Several distinctive phosphorylated bands of sarcoplasmic proteins were selected to be identified by LC-MS/ MS. Functional categories of the identified proteins were matched Protein names and accession numbers were obtained from the UniProt database.
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manually on the basis of the retrieved information in the protein knowledgebase (UniProtKB in www.uniprot.org). According to the score, the theoretical molecular weight, number of matched peptides, and the coverage of the entire amino acid sequence (9), proteins were identified from each gel band (Table 1 ). In total, four categories of proteins were identified from these bands, including stress response, glycometabolism, oxidation or reduction, and others. Stress response proteins included heat shock protein alpha (HSPα) and heat shock protein 70 (HSP70). Glycometabolism proteins included glycogen phosphorylase (GP), glyceraldehyde-3-phosphate dehydrogenase (GAPDH), enolase (ENO), AMP-activated protein kinase (AMPK), aldolase (ALD), and phosphoglycerate kinase (PGK). Oxidation or reduction proteins included superoxide dismutase (SOD) and aldehyde dehydrogenase (ALDH). Other proteins included 14-3-3 protein and myoglobin.
Salting influences the phosphorylation of glycolytic enzymes Glycolysis, which is regulated by glycolytic enzymes, is the principal way for energy supply in postmortem muscle. Glycolysis is related to meat quality (28) . The phosphorylation of many glycolytic enzymes or regulatory proteins (GP, GAPDH, ENO, AMPK, ALD, and PGK) were identified to be influenced by salting. Phosphorylation of glycolytic enzymes affected their activity and stability (14, 29, 30) . GP was an enzyme involved in glycolysis reaction. It was activated into active enzyme form by phosphorylation, catalyzed by phosphorylase kinase, and then further promoted glycolysis (30) . The phosphorylation of band 5 (GP) in the 3% salt group was higher than other groups; thus, GP had higher activity, promoted glycolysis and then regulated meat tenderness. GAPDH existed variety of post-translation modifications, wheareas phosphorylation is the most common. Phosphorylation of GAPDH decreased its activity and then inhibited glycolysis (31) . Finally, although protein oxidation was not analyzed, the influence of salt on the phosphorylation status of SOD, POD, and ALDH suggests that salting also impacts protein oxidation and thus meat quality.
Salting regulates the phosphorylation of heat shock proteins Heat shock proteins (HSPs) were identified in phosphorylation proteins by LC-MS/MS, such as HSPα and HSP70. HSPs are stress response proteins and divided into multiple subfamilies. HSPs exist several post-translational modifications, which alter their functional roles. HSPα and HSP70 are essential proteins in protection against stress. HSP70 in the myocardia, liver, and soleus muscles is prone to phosphorylation following exercises (32, 33) . In this study, the phosphorylation of HSPα and HSP70 were detected to be reduced by salting in phosphorylation, which may alter their functional roles. HSPs impact meat tenderness (34); our study further revealed that salting might alter meat tenderness by action on the phosphorylation of HSPs. In summary, salt influences phosphorylation and dephosphorylation of muscle proteins during salting. Salt decreases the global phosphorylation level of myofibrillar proteins and influences the phosphorylation level of individual sarcoplasmic proteins. Our study may provide a new insight into the mechanism by which salting influences the quality of processed meat products, especially the tenderness of meat, which is related to protein degradation and muscle contraction.
